We recently validated an extraction procedure for the determination of codeine (COD) and morphine (MOR) using the CerexSpeedisk method and compared it with our existing XTRX-4 TM extraction method by gas chromatography-mass spectrometry (GC-MS) of trimethylsilyl (TMS) derivatives (1,2). A comparison analysis was performed of 31 discarded service member specimens that had previously confirmed positive for the presence of morphine and/or codeine. Cerex-Speedisk methods have been used successfully for THC-COOH, benzoylecgonine, amphetamine, methamphetamine, methylenedioxyamphetamine (MDA)/methylenedioxymethamphetamine (MDMA)/methylenedioxyethylamphetamine (MDEA), and methamphetamine isomers
.
Cerex Polycrom Clin It columns were purchased from SPEware Corporation (San Pedro, CA). Columns, XTRX TM Type RP/W, and XTRX glass microbeads for use with the XTRX-4 automated sample processor were purchased from Creative Technology Systems, Inc. (Newark, DE). Stock standards of COD and MOR were purchased in methanol at concentrations of I mg/mL each (Cerilliant, Austin, TX). Internal standards COD-d3 and MOR-d3, each i mg/mL in methanol (Cerilliant), were used to prepare a working stock containing 0.004 mg/mL COD-d3 and 0.008 mg/mL MOR-d3 in methanol.
The Speedisk 48 place pressure processor was purchased from SPEware Corporation. The XTRX-4 automated sample processor was purchased from Creative Technology Systems, Inc. A Napco model 8000-USE autoclave (Precision Scientific, Winchester, VA) was used for glucuronide hydrolysis. Solvent-based extracts were evaporated using a TurboVapLV TM (Zymark Corporation, Hopkinton, MA). Derivative incubation was carried out using a Techne Dri-Block | mode] DB-3A (Techne, Inc., Princeton, N J).
Analysis was performed using an Agilent GC model 6890 equipped with a 7683 autosampler and interfaced with a model 5973N mass selective detector (MSD). Data acquisition and analysis were carried out using ChemStation Software version GI70]CA.00.01. The GC was equipped with an Agilent J&W Scientific DB-5ms (12 x 0.20-mm i.d.; 0.33-I~m film thickness; Agilent Technologies, Palo Alto, CA). The carrier gas was helium at a linear velocity of 40-50 cm/s. Split-mode injections of i IIL were made at a I:]5 ratio using a 2-mm liner (Agilent 5181-8818) that was lightly packed with silanized quartz wool. The injector and interface temperatures were held at 250~ and 300~ respectively. The oven program consisted of an initial oven temperature of 200~ held for I min, ramping at 4~ to 240~ and then at 35~ to 280~ with a 2 rain hold for a total run time of 14 min. Retention times (RT) for TMS-derivatized COD and MOR were, respectively, i0.I and I0.9 rain. The following groups of ions were monitored using the selected ion-monitoring mode: mlz 234, 343, 371 (COD-TMS); mlz 237, 346, 374 (COD-d3-TMS);m/z 236, 401,429 (MOR-TMS); and m/z 239, 404, 432 (MOR-d3-TMS). Acceptability criteria for controls and chromatography were as previously published (4) .
Combined linearity over the duration of method validation resulted in a linear range for COD of 500-8000 ng/mL (m = 1.1, r 2 of 0.9992). The linear range for MOR was 1200-12,000 ng/mL [m = 1.0 (r z of 0.9968)]. These values are comparable to the historical values obtained from the Xtrx-4 method (m = 0.96, r 2 of 0.9980, COD; m = 0.99, r 2 of 0.9958, MOR). It should be noted that contribution of the COD m/z 234 ion to the COD-d3 m/z 237 qualifier peak at high COD concentrations may cause the m/z 237 mass ion ratio to exceed the laboratory's allowable + 20% limit. However, this effect occurred above the limit of iinearity established for COD. Similarly, at low concentrations of MOR, the contribution of the MOR-d3 m/z 239 ion to the m/z 236 ion for MOR can cause the m/z 236 ion mass ion ratio to exceed allowable limits. However, this effect occurred below the lowest level set for the MOR limit of linearity. The practical limit of quantitation was set at the lower limit of linearity for both COD and MOR, which is below the value for the low quality-control specimen for COD and MOR analysis. The low quality-control specimen is formulated at 40% of the cutoff values for COD/MOR. No lower limit was investigated.
Between insensitive with regard to either analyte concentration.
Between-batch precision over the experimental time period ranged from CVs of 1.5% (6000 ng/mL) to 3.4% (8000 ng/mL) for COD and 1.3% (6000 ng/mL) to 3.9% (12,000 ng/mL) for MOR. Within-batch precision was determined at the cutoff concentration for COD and MOR by extracting batches of standards on three different days (n = 8 for each batch). Withinrun CVs were within 1.5% for COD and 1.2% for MOR.
Thirty-one specimens previously extracted by the XTRX-4 method for COD and/or MOR were reanalyzed by the XTRX-4 method and the Cerex/Speedisk method. Specimens were arranged in batches such that same-day method comparison could be performed. Method Only one specimen was greater than 10% (actual value 10.7%) different from same-day extraction via the XTRX-4 processor method. However, the value determined by the Cerex/Speedisk method was closer to that originally determined by the XTRX-4 method, so the analysis was not repeated.
The Cerex Clin II columns used in this method offer a reliable sorbent for the extraction of COD and MOR. The Speedisk processor utilizing Cerex Clin II cartridges offers some time savings over the XTRX-4 method on a one-batch basis, mainly in the preparation of the rotor. However, these time savings accumulate with multiple batches as the Speedisk processor has high parallel throughput, whereas the XTRX-4 unit is capable of single-batch processing of twelve specimens only. Waste solvent output is comparable between the two methods. The Speedisk processor unit itself has a much lower mechanical and electronic complexity then the XTRX-4 and, therefore, has a much lower cost of ownership, decreased maintenance, and attendant downtime. Considering the high specimen throughput, time savings associated with that throughput, and lower cost of ownership, the Speedisk processor utilizing Cerex Clin II columns is a highly effective system for extracting COD and MOR from urine in the toxicology laboratory. 
